The acceptability of initial consonant clusters in Israeli Hebrew is affected by various factors, notably the sonority hierarchy, place and/or manner of articulation, and voicing. This note focuses on two constraints that have received little attention in the literature: one involving voicing, the other reflecting the difficulty of making very fine transitions in manner and place of articulation. It is claimed that constraints on initial consonant clusters are essentially due to the difficulty of effecting articulatory transitions that are either too extreme or too minute, whereas ease-of-articulation favors assimilation, gradual transition, or cluster splitting so as to avoid such transitions.
INTRODUCTION
Often, a sequence of medial two or three consonants can be syllabified in a manner that facilitates pronunciation of the sequences involved. Thus, while MyI dD lV y /yla-dim/ 'children' cannot be pronounced as such on its own (see discussion of the sonority hierarchy below), re-syllabification in MyI dD lV yA h /ay-la-dim/ 'the children' resolves the difficulty. Concentrating on initial clusters brings out those sequences that are unequivocally hard to articulate at the syllable onset, without the intervention of the facilitating effects of re-syllabification. 1 The following three factors determine the acceptability of word-initial consonant clusters in Israeli Hebrew: (a) the degree to which they conform to the sonority hierarchy; (b) the place and manner of articulation of adjacent segments; and (c) the agreement in voicing in clusters of obstruents. Some of the constraints on word-initial clusters in Israeli Hebrew have already been discussed, for example, by Rosén, 2 Bolozky, 3 and recently by Laufer 4 and Schwarzwald. 5 Below, we will examine each of the factors in- 1 In the absence of a spoken corpus of natural speech for Israeli Hebrew, concentrating on initial clusters made it also difficult to locate a sufficient number of instances among the many recordings I made over the years. So in some cases I had to resort to recordings in which initial sequences were elicited, and whose naturalness could be questioned (e.g., eliciting Car′t Pwqz 'straighten your head!', etc.). 2 H. B. Rosén, wnlC tyrboh (Our Hebrew language; Tel Aviv: Am Oved, 1957) .
volved, introducing two constraints that have received little or no attention so far, as well as the (general) reasons underlying constraints on initial consonant clusters.
THE SONORITY HIERARCHY
Initial clusters cannot violate the sonority hierarchy. In the absence of a single, universal definition of the sonority concept, it would be useful to briefly define its meaning for the purpose of this article. Sonority may be regarded as the amount of energy audibly released during the production of a phonological segment. Thus, a is the most sonorant segment in Hebrew: the vocal tract is wide open, with minimal obstruction to the air column, and all the energy created is audibly released. A consonant like t, on the other hand, is hardly audible, since most of the energy involved in its production is spent on the closure of the vocal tract, and very little that is audible actually comes out. It is the vowel following t that projects most of the audible energy emitted. Thus, t is one of the least sonorant consonants. If we arrange the phonological inventory by increasing sonority, we will start with stops/plosives such as t and proceed with fricatives, for example, f, where the closure is incomplete. Next come nasals such as m, followed by liquids, such as l, where the obstruction is considerably weaker, then semivowels such as y, where the closure is minimal. In vowels, there is no obstruction at all, but there can be aperture narrowing: the amount of energy allowed to come out is determined by degree of opening: high vowels are less sonorant than mid ones, mid vowels less sonorant than low ones. The importance of the sonority concept is in enabling us to define the structure of the syllable in relation to its components. A syllable has an optional consonantal onset, an obligatory sonority peak, and an optional consonantal coda. The sonority peak is normally a vowel, but may also constitute a syllabic consonant functioning as a sonority peak, as in the case of n in the second syllable of button. The syllable must be structured so, that sonority gradually increases from the beginning of the onset to the sonority peak, and gradually decreases from the peak toward the end of the coda. For example, in a borrowed word like XV lA mV C /šmalc/ 6 'schmaltz,' m is more sono- rant than š, and a is the peak. In the coda, c is less sonorant than l. The consonants, either in the onset or in the coda, cannot be ordered in any other way: neither *šmacl, *mšalc, or *mšacl can be pronounced as a single syllable. With sonority defined as the degree of openness of the vocal tract, it is easier to articulate a sequence of segments that involves gradual progression-either increasing or decreasing-in degree of openness.
It can now be seen how sonority is relevant to the acceptability of initial consonant clusters in Hebrew. Take a word like hD mD q◊ n /nekama/ 'revenge,' for instance. there are a number of ways of resolving the difficulty, such as: (a) making the n syllabic, so that it function as the nucleus of a new syllable ([n-ka-ma]; 8 (b) adding a "prosthetic" consonant followed by an epenthetic vowel, which places the n at the coda of a new syllable (e.g., ['en-ka-ma] or [hen-ka-ma]); 9 or (c) splitting the cluster with an epenthetic vowel, which places the n at the onset of a new syllable: [neka-ma] . The last option, (c), is the only one available in Israeli Hebrew. In either case, a single syllable has to turn into two syllables to resolve the difficulty. 
PLACE AND MANNER OF ARTICULATION
Place and manner of articulation also play a role in the definition of constraints on initial clusters. Generally, neither identical sequences nor homorganic consonant clusters are allowed, unless they differ in manner of articulation.
11 The reason is that if two adjacent consonants are too similar or too close to each other, it is difficult to articulate them in a manner that maintains the distinctiveness of each so that one does not assimilate into the other, or that splits the cluster by inserting a vowel. These constraints naturally also apply to initial clusters. The following homorganic clusters are acceptable because their manner of articulation is different:
(1) hD myI tV s /stima/ 'filling' hD syI sV ; t /tsisa/ 'fermentation' MyI pynV s /snifim/ 'branches' MyI qD dV s /sdakim/ 'cracks' ~ [zdakim] hD p… … wnV ; t /tnufa/ 'impetus'
As shown by Bolozky, 12 when a plosive is followed by a homorganic fricative, the sequence is often merged into a single-unit affricate in nonformal speech (regressive assimilation is also common):
(2) bE l tR m… wcV ; t /tsúmet lèv/ 'attention' > [cúmetlèv] hÎ z… wzV ; t /tzuza/ 'movement' > [dzuza]
13
When a morpheme combination brings together a plosive and an homorganic affricate, that is, when a t-prefix is appended to a stem beginning with a c, the plosive-affricate difference in manner of articulation is too small to qualify as 'different articulation,' because an affricate starts as a plosive. Such a combination is equivalent to having a sequence of two identical plosives that must be either split or merged. Generally splitting is preferred, in order to maintain the distinctiveness of the two component phonemes: Splitting also avoids ambiguity that may be caused by a t+c > c merger, so that a variant like [cura] 'formation' above is not confused with a different homonymous word with no t-prefix, hD r… wx, meaning 'shape.' Also note that difference in voicing does not suffice to allow otherwiseidentical consonant sequences. There are cases where a form, had it been totally regular, includes an initial cluster, as in the CCiCut pattern, and a closely-similar sequence is avoided, again by splitting with e (note that this t is part of the stem):
(4) t… wryI dV ; t /tdirut/ 'frequency' (cf. t… wryI bV s /svirut/ 'plausibility') > [tedirut] Basically, such constraints reflect the difficulty of co-articulating closely similar segments without assimilating one into the other or splitting the cluster with a vowel. Producing such sequences requires complex articulatory coordination that is not easily achieved in normal speech.
VOICING IN OBSTRUENT SEQUENCES
Achieving uniformity of voicing in obstruent clusters is largely dependent on degree of casualness and/or rate of speech (Bolozky 14 ), and is fairly automatic, so that in very casual or casual/fast speech, uniformity of voicing is almost obligatory: Even cases immune to it a few decades ago, such as v not causing voicing assimilation and x not undergoing it, are now regularized: (6) rD bV ; k /kvar/ 'already' ~ [gvar] rO wzV jÅ y /yaxzor/ 'he will come back' > [yaγzor] The naturalness of voicing assimilation was already noted in the Talmud.
The Tosafot to the b. Ber. 15:2 warns, in connection with … wrV ; k◊ zI ; t NA oA mV l /lma`an tizkru/ 'so that you remember':
(7) NyI c oA mD Ú Cŷ aø ; lR C … wrV ; k◊ zI ; t lR C NŷÅ z zyI ; tA hV l KyI rD x /s . arix lhattiz zayin šel tizkru šello yiššama` śin/ 'one needs to voice the z of tizkru so that it does not sound like ś'
There are, however, differences in the likelihood of assimilation taking place in the different forms in (5) Such maneuvering is not easy to perform in natural speech. The difficulty may neither be inherent, nor universal, since nothing physiological rules it out in principle to start with. However, in an initial sequence of two obstruents, each of the two is shorter than it would be on its own, and limited articulation time makes it difficult to effect the voicing-no voicing-voicing transition. This is why assimilation to [skof] is essentially a must in casual speech.
[zkof] can only be found in the formal register. My recordings suggest that the casual register of Israeli Hebrew does not allow an initial cluster of obstruents in which the first segment is voiced while the second is voiceless. 16 The following examples illustrate this clearly:
15 Laufer discusses the effects of voice onset timing-see A. Laufer, "Voicing in Contemporary Hebrew in Comparison with Other Languages," HS 39 (1998): 143-179. 16 Asher Laufer informs me (personal communication) that sequences like the initial #zk in PO wq◊ z /zkof/ were actually observed by students of his in spontaneous speech. I could not find such clusters in my own recordings; I believe that to the extent that they occur in formal speech, it happens rather rarely. 
VERY FINE TRANSITIONS IN THE MANNER AND PLACE OF ARTICULATION
The difficulty of producing obstruent clusters that violate the casual speech voicing constraint discussed above is usually resolved by voicing assimilation, for example, hD ryI qV ; d /dkira/ 'prickle' > [tkira] . In formal speech, splitting such clusters with e is also possible, for example, /dkira/ > [dekira], but it is not the preferred option. There are, however, cases in which splitting is the preferred solution in casual speech, even though voicing assimilation is still an option: Preference for splitting, for example, for [betixut] over [ptixut] , may be attributed to the tendency to maximize semantic transparency, so as to maintain the distinction between potential homonyms, in this case between ptixut and the homonymous item t… wjyI tV Ú p meaning 'openness.' Furthermore, as pointed out by Asher Laufer, 18 the splitting option is preferred when two successive stops are involved, which are harder to articulate in the syllabic onset. But there is another factor that must be considered: the two stops are produced at relatively close points of articulation-labial and dentoalveolar. In the case of forms like hD ryI qV ; d /dkira/ above, in which splitting is less likely, the dento-alveolars and velars involved are considerably farther apart in place of articulation. The transition from one to stop to another in forms like btixut involves minute, almost simultaneous adjustments that are difficult to perform: voicing, ceasing voicing, and immediately restarting voicing for the following vowel, and at the same time maneuvering two successive stops that are too close to each other to produce as distinct segments.
Manner and place of articulation generally designate major articulatory categories. Manner of articulation usually refers to categories like plosive, affricate, or fricative articulation; place of articulation usually designates categories such as labial, alveolar, palatal, velar, pharyngeal, and glottal. Alongside these, however, there are smaller, finer categorial variationssuch as apical, articulated with the tip of the tongue, laminals, articulated with the blade of the tongue, slit versus grooved tongue articulation, and others-which refer to the part of the tongue involved in production, and/or to the degree, width, or spread of the tongue contact or narrowing. These variations may increase the complexity of co-articulation, particularly when the points of articulation of consecutive segments are close, and the manner of articulation is the same, similarly to t… wjyI fV ; b /btixut/ > [betixut] above.
Thus, articulation of dento-alveolar apicals with palatal laminals involves complex transitions too close and thus too minute to manipulate, resulting in the cluster being split: The complexity of such transitions is actually greater than that those necessitated by t… wjyI fV ; b /btixut/, and others, owing to the greater closeness/ similarity between the two sibilants, which is why the sequence is split regardless of whether the two segments agree in voicing or not:
(11) hD o… wsV C /šasu`a/ 'cleft f.s.' > [*šsua] > [šesua] For the same reason, tongue twisters in many languages involve sequences of dento-alveolar apicals and palatal laminals, 19 as in:
(12) A jE mD c ryI C hD rD C hD rD c /sára šára šir saméax/ 'Sarah sings a happy song'
Sister Suzie sells sea-shells on the seashore The Leith police dismisseth us This is also why speech errors in general often involve such clusters. The claim that such sequences are indeed very hard to articulate is further supported by the fact that they are problematic even in medial position, where syllable division is normally expected to facilitate articulation: 
CONCLUSION
It appears, then, that the basic difficulty in producing initial consonant clusters is in co-articulating a sequence of tauto-syllabic consonants that are too close or too similar to each other, and in maintaining the distinction between them in conditions when one would expect (natural) assimilation or splitting. At the same time, it is also hard to effect radical transitions in such clusters if the change involves radical shifts in vocal tract opening (as in the case of sonority hierarchy violations), or to initiate voicing and cease it right away within the same cluster, when voicing has to be initiated again in anticipation of the following vowel.
